Introduction
============

Breast cancer is the most prevalent cancer among women in the United States, and remains the second leading cause of cancer-related mortality. In 2013, approximately 232,340 women were diagnosed, and 39,620 women died of breast cancer.[@b1-bcbcr-9-2015-009] Although most patients with early stage disease will be cured, the 10-year risk of distant recurrence at 5 and 10 years is approximately 14% and 36%, respectively.[@b2-bcbcr-9-2015-009],[@b3-bcbcr-9-2015-009] The prognosis of patients with metastatic breast cancer (mBC) is rather heterogeneous, ranging from several months to many years, depending on numerous factors including original tumor stage (tumor size and number of metastatic lymph nodes involved), age at relapse, estrogen receptor (ER) status, human epidermal growth factor receptor 2 (HER2) receptor status, sites and number of sites of relapse, disease-free interval (DFI), and prior exposure to adjuvant or neo-adjuvant chemotherapy.[@b4-bcbcr-9-2015-009]--[@b24-bcbcr-9-2015-009]

Our original paper, published over 20 years ago, reported a median survival after first relapse (MSFR) of 26 months (range: 15--90 months) among a population of patients diagnosed with relapse between 1976 and 1982 treated at the University of Miami.[@b4-bcbcr-9-2015-009] In the intervening time since the initial publication, there have been significant advances in the treatment of mBC, including new surgical and radiation techniques, and the addition of novel systemic agents, including aromatase inhibitors (AI), taxanes, and the advent of HER2 targeted agents. One of the critical elements of our original paper was accounting for lead-time bias. Lead-time bias has been discussed extensively as a potential confounding variable in the reduction of overall mortality of newly diagnosed breast cancer due to the potential impact of early detection through screening.[@b1-bcbcr-9-2015-009] Our original publication would have overestimated median survival results if we had not adjusted for lead-time bias.[@b4-bcbcr-9-2015-009]

The purpose of this study was to define a new benchmark for survival in patients with systemic breast cancer excluding the potentially curable subset of loco-regional relapse. Most still cite a median survival for metastatic breast cancer of approximately 2 years.[@b2-bcbcr-9-2015-009],[@b13-bcbcr-9-2015-009] However, there remains significant controversy regarding this number.[@b6-bcbcr-9-2015-009],[@b8-bcbcr-9-2015-009],[@b18-bcbcr-9-2015-009],[@b25-bcbcr-9-2015-009] The current retrospective review was undertaken in an attempt to clarify the median survival for those subsets of metastatic breast cancer that are considered "incurable".

Patients and Methods
====================

The records of 5,168 patients with breast cancer from a large breast cancer oncology practice from 1986 to 2011 were retrospectively reviewed to identify patients with known, accurate dates of first distant relapse after primary therapy with curative intent. Because of the retrospective nature of the study and the use of deidentified data, the requirement for ethics committee approval was waived by the University of Miami IRB. The time period chosen for primary analysis was 1996--2006 to provide an approximate two-decade span from the previous publication.[@b4-bcbcr-9-2015-009] Since one of the authors of this manuscript (CLV) helped establish the philosophical therapeutic strategies in the older series and the present series, this potential confounding variable was also likely mitigated. Excluded patients included men, patients with a primary diagnosis other than breast cancer, patients relapsing before 1996 or after 2006, patients rendered clinically and continuously disease-free after primary local-regional therapy, onetime consultations, and patients who had most care outside our clinic. In addition, patients with *de novo* metastatic disease and those diagnosed with metastatic disease within 3 months of the primary diagnosis of breast cancer were excluded; they will be analyzed in a subsequent publication. The most important variation from our previous retrospective study was the elimination of all patients with local-regional recurrence. This was done recognizing that a subset of such patients might actually be cured by aggressive multimodality therapy.[@b26-bcbcr-9-2015-009]--[@b28-bcbcr-9-2015-009] In addition, we sought to contrast our series with the Eastern Cooperative Oncology Group (ECOG) series cited above, which limited their analysis to patients with distant recurrence.[@b18-bcbcr-9-2015-009]

In the present analysis, the date of first relapse was the date of unequivocal confirmation of systemic recurrent breast cancer. The interval from the date of primary surgery to diagnosis of first recurrent systemic metastasis was considered the DFI. Biomarkers were performed in a wide variety of clinical laboratories, and quality control for ER and progesterone receptor could not be readily verified for every subject. Various adjuvant therapies were used at the time of initial diagnosis of primary breast cancer, including anti-hormonal therapies for women with ER-positive tumors generally given after conclusion of cytotoxic chemotherapy and/or radiation when either or both of those two cytotoxic modalities were employed. Standard combination and sequential adjuvant and neo-adjuvant chemotherapeutic regimens were used when indicated, generally including some of the following: cyclophosphamide, methotrexate, 5-fluorouracil, doxorubicin, paclitaxel, and docetaxel. Trastuzumab was included in adjuvant regimens in women with HER2-positive tumors after 2006.

At the time of first relapse, patients generally had a complete physical examination and ancillary lab tests, which generally included complete blood count (CBC), complete metabolic panel (CMP), carcinoembryonic antigen (CEA), cancer antigen (CA) 15-3, bone scans, confirmatory bone radiographs, and computed tomography (CT) scans. Positron emission tomography (PET) scans, biopsies of metastatic sites when feasible, and magnetic resonance imaging (MRI) scans were performed when appropriate.

During the time period studied, treatment strategies for patients with hormone receptor-positive recurrent disease were conservative and hormonally oriented whenever possible. Cytotoxic chemotherapy generally was reserved for hepatic metastases, "visceral crisis", or ER-positive patients who did not respond to at least one hormonal treatment. Patients with indolent and/or asymptomatic clinical features frequently received hormonal agents initially and for as long as the disease remained responsive to estrogen blockade.

Recognition of the potential effects of lead-time bias was an important feature of our analysis and was based on the experience gained from our first publication on this topic.[@b4-bcbcr-9-2015-009] Our final study population consisted of patients who experienced their first relapse between January 15, 1996 and December 1, 2006, and whose date of first relapse occurred no more than 60 days before first contact with our medical center. Essentially, these patients experienced a relapse at the initial visit to our institution or slightly later. Patients who had a relapse more than 2 months before the first contact with our institution were analyzed separately, as this group was potentially confounded by lead-time bias.

The literature search was performed using [PubMed.gov](http://PubMed.gov) using the search terms "breast cancer", "relapse," and "survival". Studies included in our literature search were published between 1999 and 2013, had at least 50 patients, and included both retrospective and prospective cohorts.

Statistical methods
-------------------

In our first publication,[@b4-bcbcr-9-2015-009] patients relapsing greater than 2 months prior to being seen by our group were found to have a significantly improved MSFR. Because we suspected the result was due, in part, to lead-time bias, we separated those patients in the present series (*n* = 101) from the larger sample and used a chi-squared test of independence to identify prognostic factors that differentiated the original subsample from our main study population (*n* = 189). We then utilized the Kaplan--Meier product-limit method and the generalized Wilcoxon test to identify variables that were significantly associated with MSFR. In turn, prognostic factors that were flagged as significant individual predictors of MSFSR were used 1) to construct a multivariate Cox proportional hazards regression model and 2) to generate adjusted *z*-statistics and *P*-values for each covariate. Finally, omnibus likelihood ratio and Wald test statistics were generated to evaluate the overall fit of the model to the data. Data were manipulated and analyzed using the SPSS version 20 and R statistical packages. The type I error (α) was set to 0.05 for all analyses, and each hypothesis test was assumed to be two-sided.

Results
=======

From 1986 to 2011, 5,168 patients were seen in this oncology practice, and \>95% had breast cancer. Of the patients who met our inclusion criteria (*n* = 290), only 189 were considered as potentially free from lead-time bias (first seen within 2 months of diagnosis of metastasis). Patients who received their early metastatic care predominantly from others prior to their first visit to our oncology practice (*n* = 101) were considered as potentially confounded by lead-time bias. The basic patient demographics of these two patient groups appear in [Table 1](#t1-bcbcr-9-2015-009){ref-type="table"}.

The primary endpoint of this study was to determine the MSFSR using an analytic design similar to that of our metastatic disease population approximately two decades earlier.[@b4-bcbcr-9-2015-009] The MSFSR for our primary study population of 189 patients was 33 (29.2--36.8) months (39 months for ER positive and 23 months for ER negative). The MSFSR for the 101 patients possibly confounded by lead-time bias was longer, at 46 (38.5--53.5) months (49 months for ER positive and 35 months for ER negative). Allowing for different therapeutic advances during the 10 years of the study, the MSFSR was further analyzed by 5-year intervals in [Table 2](#t2-bcbcr-9-2015-009){ref-type="table"}, but changes in these two time intervals were minimal.

Significantly more patients in our study cohort, relative to the patients excluded due to possible lead-time bias, received prior adjuvant chemotherapy ([Table 1](#t1-bcbcr-9-2015-009){ref-type="table"}). There were no significant differences between the study population and the excluded patients with regards to DFI, ER status, dominant site of metastasis, or any other variable. After initial univariate screening of the whole group, a Cox proportional hazards regression analysis was performed using 10 potential prognostic variables ([Table 2](#t2-bcbcr-9-2015-009){ref-type="table"}). The following variables were identified as being associated with a significantly worse prognosis on regression analysis: HER2 negativity, ER negativity, DFI less than 24 months, greater number of metastatic sites, and age \>50. The year of metastasis and site of dominant metastasis did not contribute significantly to the multivariate model in the presence of the other factors. Although patients who had received prior adjuvant chemotherapy, radiation therapy, or hormonal therapy appeared to do worse than those who did not, these patient subgroups tended to have more advanced (node-positive) disease at initial diagnosis. Importantly, for comparison with other series from the literature, 72% of our series received some form of adjuvant chemotherapy.

Based on the results from our Cox proportional hazards regression analysis, the expected MSFSR was calculated for patients with different constellations of the major prognostic variables similar to the analysis done in our previous publication (4; [Table 3](#t3-bcbcr-9-2015-009){ref-type="table"}). These variables roughly define a spectrum of prognostic subgroups. When this analysis was performed, 150 of 189 patients (79.4%) in our study population had died. One-hundred and fifty-three (80.1%) of the patients were alive at 1 year, 73 (38.6%) at 3 years, 35 (18.5%) at 5 years, and 9 (4.7%) at 10 years. In our original publication ([Table 4](#t4-bcbcr-9-2015-009){ref-type="table"}), the heterogeneity of survival was greater than in our current series.[@b4-bcbcr-9-2015-009] The decreased heterogeneity in observed survival is likely due to the exclusion of patients with local-regional recurrences in our present series, since those patients tend to have a more favorable prognosis. Interestingly, the patients with the longest survivals were HER2-positive cases, with 14/16 having dual ER and HER2 positivity.

We also explored the number of patients in our series that had lived for more than 10 years ([Table 5](#t5-bcbcr-9-2015-009){ref-type="table"}). Approximately 4.7% of our overall population lived for \>10 years, and, as expected, was largely comprised of patients with bone-dominant disease.

Discussion
==========

Since our last report, most studies in the literature looking at clinical outcomes in mBC patients have demonstrated an improved median overall survival (OS) over time. In our last report, looking at recurrent breast cancer patients from 1976 to 1982, we found an MSFR of 26 months,[@b4-bcbcr-9-2015-009] a figure that was found to be consistent with other reports at the time.[@b7-bcbcr-9-2015-009],[@b11-bcbcr-9-2015-009],[@b25-bcbcr-9-2015-009] Comparing our current series with our last report, the MSFSR over time has increased to 33 months, ie, 7 months longer than in the previous study. This increase is likely an underestimate of the improvement because the current MSFSR data excludes the favorable soft-tissue subgroups included in the original MSFR dataset. This improvement is fairly consistent with most other studies of the late 1990s through the early 2000s.[@b2-bcbcr-9-2015-009],[@b7-bcbcr-9-2015-009],[@b8-bcbcr-9-2015-009],[@b10-bcbcr-9-2015-009],[@b13-bcbcr-9-2015-009],[@b25-bcbcr-9-2015-009]

Our current study population, when compared to that of our original series,[@b4-bcbcr-9-2015-009] had younger patients (age \<50: 49.2% vs 29.5%) and a greater proportion of ER-positive tumors (70.6 vs 41.4%). Additionally, more patients had a long DFI (\>2 years: 74.6% vs 46.1%) but were more likely to have visceral metastases (54.5% vs 38.9%). Our current study population may have had an improved DFI, compared with our earlier series, due to the improvement in adjuvant therapies over this time period. There were differences in ER positivity rates between current and prior retrospective series, but this is likely secondary to a high proportion of borderline and unknown ER patients in our earlier series. The high proportion of patients with visceral metastases in our current population relative to that of our earlier series is likely influenced by the exclusion of patients with local-regional recurrences in the present study. Patients with local-regional recurrences are well known to have a favorable long-term prognosis relative to other sites of distant metastasis, with many patients likely being potentially curable.[@b26-bcbcr-9-2015-009]--[@b28-bcbcr-9-2015-009]

Our previous study did not incorporate the number of metastatic sites, which is a known prognostic indicator, and was found to have prognostic value in our current study. One of the other major differences between our two series was the incorporation of HER2 testing and availability of HER2-targeted therapies, eg, trastuzumab, in our current series. HER2-targeted therapies have completely transformed the natural history of HER2-positive mBC, and this is illustrated by the improvement in a MSFSR of 54 months for ER+/HER2+ tumors compared to those other subtypes. As was seen in our previous series, although to a lesser extent, patients who received prior adjuvant chemo with or without radiation therapy had a worse median OS than those that did not. This is likely explained by patients with higher recurrence risks generally receiving adjuvant chemotherapy and possibly radiotherapy.

As was the case in our previous series,[@b4-bcbcr-9-2015-009] the patients not included in our primary study group who were excluded because of the possibility of lead-time bias had a longer MSFSR compared with the primary study group. This finding emphasizes the importance of considering features contributing to lead-time bias as a confounding variable when analyzing other publications. In both our previous and current studies, ER status and DFI were found to be important prognostic determinants, attesting to the consistent value of these variables in prognostication in recurrent breast cancer patients.

The issue of prior adjuvant chemotherapy becomes very important when one considers two of the most important prominent outliers in our literature review. Both the trial of Tevaarwerk et al[@b19-bcbcr-9-2015-009] and the most recent cohort in the series presented by Giordano from the MD Anderson Cancer Center (MDACC)[@b7-bcbcr-9-2015-009] studied patients who had all received adjuvant chemotherapy. In our series, 72% of patients had received adjuvant chemotherapy. The second outlier is the 58-month MSFR in the MDACC most recent cohort,[@b7-bcbcr-9-2015-009] which included patients with local-regional relapse and had a median DFI of 6--8 years, a favorable characteristic that was more than double the DFI of any of their prior cohorts.

Both our literature review ([Table 4](#t4-bcbcr-9-2015-009){ref-type="table"}) and the review by Stokes et al[@b18-bcbcr-9-2015-009] point to the significant heterogeneity and variability in median OS between published series. Interestingly, both articles specifically analyzing distant recurrence including Stokes et al[@b18-bcbcr-9-2015-009] (MSFSR = 8 months) and Tevaarwerk et al[@b19-bcbcr-9-2015-009] (MSFSR = 20 months) are significantly less encouraging than are our own data (33 months). One possible explanation is that, while our data were generated from within a breast-cancer-specific practice, Stokes et al's[@b18-bcbcr-9-2015-009] data were generated from an older population of Medicare patients in the SEER database. The low MSFSR could be explained by a higher risk of death from other causes in this older population without the management of metastatic disease, likely delivered by a highly varied group of oncologic specialists rather than breast-specific oncologists. Likewise, while patients in Tevaarwerk et al's study were treated by highly competent ECOG physicians, patterns of metastatic breast cancer care after adjuvant protocol therapy may well have differed significantly among practices.[@b19-bcbcr-9-2015-009]

All trials identified ER positivity and longer DFI as favorable prognostic variables as did we. All studies identified predominant metastatic site as the third important variable as we had identified in our 1992 publication.[@b4-bcbcr-9-2015-009] While our current series specifically excluded soft-tissue disease from analysis, all other series identified that subset as the most favorable.

Conclusion
==========

Our data, compared with a similar cohort of patients two decades earlier,[@b4-bcbcr-9-2015-009] shows a definitive improvement in median survival from 26 months to 33 months despite the exclusion of the most favorable group of patients (those with soft-tissue-dominant disease most of whom had local-regional disease) in the present series. A literature review of recent publications revealed heterogeneity of data and conclusions, with most suggesting improvement in median survival in more recent patient cohorts and all confirming ER, DFI, and the dominant site of metastasis as important variables. Improvements have likely been due to more widespread use of taxanes, aromatase inhibitors (AIs), trastuzumab, and other new agents in recent years. Our data suggest that the new benchmark for MSFSR approaches 3 years.

**ACADEMIC EDITOR:** Goberdhan P. Dimiri, Editor in Chief

**FUNDING:** Expert medical witness fees received by Dr Vogel from Roowe were used to establish a research account at the University of Miami that funded aspects of this research. The authors confirm that the funder had no influence over the study design, content of the article or selection of this journal.

**COMPETING INTERESTS:** Authors have disclosed no potential conflicts of interest.

Paper subject to independent expert blind peer review by minimum of two reviewers. All editorial decisions made by independent academic editor. Upon submission manuscript was subject to anti-plagiarism scanning. Prior to publication all authors have given signed confirmation of agreement to article publication and compliance with all applicable ethical and legal requirements, including the accuracy of author and contributor information, disclosure of competing interests and funding sources, compliance with ethical requirements relating to human and animal study participants, and compliance with any copyright requirements of third parties. This journal is a member of the Committee on Publication Ethics (COPE).

**Author Contributions**

SBZ, TA, JZ, AJM, RLM, ERA, AM, SH, NJM, CLV conceived and designed the experiments, analyzed the data, wrote the first draft of the manuscript, contributed to the writing of the manuscript, agree with the manuscript results and conclusions, jointly developed the structure and arguments for the paper, made critical revisions and approved final version, and reviewed and approved the final manuscript.

###### 

Baseline patient characteristics.

  VARIABLE                                                                               STUDY POPULATION (*n* = 189)   [\*](#tfn2-bcbcr-9-2015-009){ref-type="table-fn"}*P*-VALUE   EXCLUDED PATIENTS (*n* = 101)                                                                               
  ------------------------------------------------------------- ------------------------ ------------------------------ ------------------------------------------------------------ ------------------------------- --------------------------------------------------------- -------- -------- ------
  Age                                                           \<50                     93                                                                                          49.2                            0.92                                                      52                53.6
  \>50                                                          96                                                      50.8                                                         45                                                                                        46.4              
  Unknown                                                       N/A                                                     N/A                                                          4                                                                                         N/A               
  DFI (yr)                                                      \<2 years                48                                                                                          25.4                                                                                      26                25.7
  \>2 years                                                     141                                                     74.6                                                         0.99                            75                                                                 74.3     
  \<3 years                                                     75                                                      39.7                                                         0.13                            32                                                                 31.7     
  3--6 years                                                    49                                                      25.9                                                                                         26                                                                 25.7     
  \>6 years                                                     65                                                      34.4                                                                                         43                                                                 42.6     
  ER                                                            Positive                 127                                                                                         70.6                            0.97                                                      65                67.7
  Negative                                                      53                                                      29.4                                                         31                                                                                        32.3              
  Unknown                                                       9                                                       N/A                                                          5                                                                                         N/A               
  HER2                                                          Positive                 39                                                                                          27.9                            0.99                                                      18                29.0
  Negative                                                      101                                                     72.1                                                         44                                                                                        71.0              
  Unknown                                                       49                                                      N/A                                                          39                                                                                        N/A               
  Subtype                                                       HR+/HER2+                25                                                                                          17.9                            0.02                                                      7                 11.3
  HR+/HER2−                                                     74                                                      52.9                                                         30                                                                                        48.4              
  HR−/HER2+                                                     14                                                      10.0                                                         11                                                                                        17.7              
  HR−/HER2−                                                     27                                                      19.3                                                         14                                                                                        22.6              
  Unknown                                                       49                                                      N/A                                                          39                                                                                        N/A               
  Dominant site                                                 Bone                     80                                                                                          42.3                            0.24                                                      51                50.5
  Visceral (liver, lung, peritoneum, ovary)                     103                                                     54.5                                                         44                                                                                        43.6              
  Central nervous system                                        6                                                       3.2                                                          5                                                                                         6.0               
  Number of metastatic sites                                    1                        62                                                                                          32.8                            0.27                                                      35                34.7
  2                                                             73                                                      38.6                                                         44                                                                                        43.6              
  \>2                                                           54                                                      28.6                                                         22                                                                                        21.8              
  Size of original tumor                                        0--2                     50                                                                                          35.0                            0.74                                                      22                43.9
  2--5                                                          77                                                      53.8                                                         33                                                                                        25.6              
  \>5                                                           16                                                      11.2                                                         9                                                                                         30.5              
  Unknown                                                       46                                                      N/A                                                          37                                                                                        N/A               
  Number of positive nodes                                      0                        63                                                                                          37.5                            0.62                                                      36                41.0
  1--2                                                          49                                                      29.2                                                         21                                                                                        26.9              
  ≥4                                                            56                                                      33.3                                                         25                                                                                        32.1              
  Unknown                                                       21                                                      N/A                                                          19                                                                                        N/A               
  Adjuvant chemotherapy                                         Anthracycline ± taxane   88                                                                                          46.6                            0.001                                                     39                38.6
  Other                                                         48                                                      25.4                                                         19                                                                                        18.8              
  Neither                                                       53                                                      28.0                                                         43                                                                                        42.6              
  Adjuvant XRT                                                  Yes                      95                                                                                          50.3                            0.98                                                      48                47.5
  No                                                            94                                                      49.7                                                         53                                                                                        52.5              
  Adjuvant hormonal therapy                                     Yes                      104                                                                                         55.0                            0.99                                                      54                53.5
  No                                                            85                                                      45.0                                                         47                                                                                        46.5              
  Year of relapse                                               1996--2000               76                                                                                          40.2                            0.31                                                      52                51.5
  2001--2006                                                    113                                                     59.8                                                         49                                                                                        48.5              
  No. of lines of therapy in metastatic disease (mean/median)   Chemo                                                   2.95/2                                                                                       0.32[\*\*](#tfn3-bcbcr-9-2015-009){ref-type="table-fn"}            3.26/3   
  Hormonal                                                                               1.69/1                                                                                      0.08                                                                                      2.08/2            
  Both                                                                                   4.65/4                                                                                      0.24                                                                                      5.11/5            

**Notes:** Valid percent means the percentage of patients for particular demographic variables excluding unknown patients.

Chi-square analysis-study population versus patients excluded due to potential lead-time bias.

Two-sided *t*-test.

**Abbreviations:** DFI, disease-free interval; ER, estrogen receptor; HER2, her-2-neu receptor; XRT, radiation therapy; N/A, not applicable.

###### 

Univariate and multivariate analysis.

  VARIABLE                                                      STUDY POPULATION (*n* = 189)   *P*-VALUE[\*](#tfn5-bcbcr-9-2015-009){ref-type="table-fn"}   REGRESSION ANALYSIS[\*\*](#tfn6-bcbcr-9-2015-009){ref-type="table-fn"}   EXCLUDED PATIENTS (*n* = 101)                       
  ------------------------------------ ------------------------ ------------------------------ ------------------------------------------------------------ ------------------------------------------------------------------------ ------------------------------- ------------------- -------------------
  All                                                                                          33.0 (29.2--36.8)                                            --                                                                       --                                                  46.0 (38.5--53.5)
  SRFI (yr)                            \<2 years                48                             25.0 (18.9--31.1)                                                                                                                                                     26                  44.0 (34.5--53.5)
  \>2 years                            141                      38.0 (29.1--46.9)              0.001                                                        0.05                                                                     75                              49.0 (39.0--59.0)   
  \<3 years                            75                       25.0 (18.9--31.1)              0.001                                                        0.04                                                                     32                              47.0 (33.7--60.3)   
  3--6 years                           49                       38.0 (29.1--46.9)                                                                                                                                                    26                              43.0 (33.6--52.4)   
  \>6 years                            65                       34.0 (30.2--37.8)                                                                                                                                                    43                              50.0 (27.1--72.9)   
  ER                                   Positive                 127                            39.0 (29.5--48.5)                                            \<0.0001                                                                 0.003                           65                  49.0 (39.8--58.1)
  Negative                             53                       23.0 (14.9--31.1)              31                                                           35.0 (13.9--56.1)                                                                                                            
  HER2                                 Positive                 39                             32.0 (8.4--55.6)                                             0.20                                                                     0.04                            18                  35.0 (12.4--57.6)
  Negative                             101                      31.0 (27.5--34.5)              44                                                           46.0 (36.0--56.0)                                                                                                            
  Subtype                              HR+/HER+                 25                             54.0 (20.8--87.2)                                            0.002                                                                    --                              7                   31.0 (8.2--53.8)
  HR+/HER2−                            74                       34.0 (29.4--38.6)              30                                                           51.0 (42.1--59.9)                                                                                                            
  HR−/HER2+                            14                       25.0 (21.8--28.2)              11                                                           35.0 (−, 91.6)                                                                                                               
  HR−/HER2−                            27                       16.0 (8.4--23.6)               14                                                           33.0 (0, 66.4)                                                                                                               
  Dominant site                        Bone                     80                             37.0 (27.5--46.6)                                            0.35                                                                     0.61                            51                  51.0 (40.2--61.8)
  Visceral (liver, lung, peritoneum)   103                      31.0 (25.6--36.4)              44                                                           44.0 (31.6--56.4)                                                                                                            
  Central nervous system               6                        44.0 (0, 96.3)                 5                                                            7.0 (−,−)                                                                                                                    
  Size of original tumor               0--2                     50                             38.0 (24.1--41.9)                                            0.18                                                                     --                              22                  6.0 (28.0--104.0)
  2--5                                 77                       33.0 (27.4--38.6)              33                                                           46.0 (31.2--60.9)                                                                                                            
  \>5                                  16                       50.0 (28.7--71.3)              9                                                            37.0 (0--111.8)                                                                                                              
  Number of positive nodes             0                        63                             38.0 (25.3--50.7)                                            0.16                                                                     --                              36                  38.0 (2.5--73.5)
  1--2                                 49                       31.0 (22.0--40.1)              21                                                           46.0 (40.5--51.5)                                                                                                            
  \>/=4                                56                       33.0 (29.8--36.2)              25                                                           46.0 (34.0--58.0)                                                                                                            
  Number of metastatic sites           1                        62                             56.0 (34.8--77.2)                                            0.024                                                                    0.0005                          35                  50.0 (43.5--56.5)
  2                                    73                       27.0 (19.7--34.3)              44                                                           46.0 (32.7--59.3)                                                                                                            
  \>2                                  54                       33.0 (28.0--38.0)              22                                                           43.0 (10.1--75.9)                                                                                                            
  Age                                  \<50                     93                             37.0 (26.9--47.1)                                            0.049                                                                    0.02                            52                  49.0 (32.7--65.3)
  \>50                                 96                       31.0 (26.3--35.7)              45                                                           44.0 (27.4--60.4)                                                                                                            
  Adjuvant chemotherapy                Anthracycline ± taxane   88                             31.0 (25.0--37.0)                                            0.02                                                                     --                              39                  44.0 (39.8--48.2)
  Both                                 48                       39.0 (24.5--53.5)              19                                                           50.0 (31.7--68.3)                                                                                                            
  None                                 53                       44.0 (26.4--61.6)              43                                                           49.0 (27.8--70.2)                                                                                                            
  Adjuvant XRT                         Yes                      95                             30.0 (24.2--35.8)                                            0.001                                                                    --                              48                  46.0 (31.1--60.9)
  No                                   94                       38.0 (26.6--49.4)              53                                                           47.0 (37.3--56.7)                                                                                                            
  Adjuvant hormonal therapy            Yes                      104                            37.0 (27.9--46.1)                                            0.15                                                                     --                              54                  50.0 (38.0--62.0)
  No                                   85                       26.0 (18.5--33.5)              47                                                           46.0 (29.3--62.6)                                                                                                            
  Year of relapse                      1996--2000               76                             35.0 (27.1--42.9)                                            0.24                                                                     0.33                            52                  49.0 (38.8--59.2)
  2001--2006                           113                      33.0 (27.7--36.8)              49                                                           44.0 (26.9--61.1)                                                                                                            

**Notes:**

Log-rank.

Proportional hazards regression significance of variable.

**Abbreviations:** MSFSR, median survival time from first systemic relapse; SRFI, systemic relapse-free interval; ER, estrogen receptor; HER2, her-2-neu receptor; XRT, radiation therapy.

###### 

Median overall survival time from first systemic relapse: variations as a function of major prognostic determinants.

  DOMINANT SITE   ER         HER2       SRFI (MONTHS)   NUMBER OF PATIENTS                                     MSFSR (MONTHS)
  --------------- ---------- ---------- --------------- ------------------------------------------------------ ----------------
  Bone            Negative   Negative   \>24            5                                                      9
  Visceral        Positive   Negative   \<24            5                                                      9
  Visceral        Negative   Negative   \<24            11                                                     14
  Visceral        Negative   Negative   \>24            7                                                      17
  Bone            Positive   Negative   \<24            6                                                      21
  Visceral        Negative   Positive   \>24            6                                                      23
  Bone            Negative   Positive   \<24            3                                                      23
  Visceral        Negative   Positive   \<24            3                                                      25
  Bone            Positive   Positive   \>24            11                                                     29
  Visceral        Positive   Negative   \>24            30                                                     33
  Bone            Negative   Negative   \<24            1                                                      34
  Bone            Positive   Negative   \>24            31                                                     35
  Visceral        Positive   Positive   \<24            6                                                      39
  Bone            Negative   Positive   \>24            2                                                      40
  Visceral        Positive   Positive   \>24            7                                                      52
  Bone            Positive   Positive   \<24            1                                                      147
  **Total**                                             135[\*](#tfn8-bcbcr-9-2015-009){ref-type="table-fn"}   

**Note:**

Total number of patients with available data for all prognostic determinants.

**Abbreviations:** MSFSR, median survival time from first distant relapse; SRFI, systemic relapse-free interval; ER, estrogen receptor; ER, estrogen receptor; HER2, Her-2-neu.

###### 

Review of literature.

  -------------------------------------------------------------------------------------------------------------------------------------------------
  REFERENCE                                        NUMBER OF PATIENTS (*n*)   DATES        MEDIAN SURVIVAL (MONTHS)
  ------------------------------------------------ -------------------------- ------------ --------------------------------------------------------
  **1970s to early 1980s**                                                                 

  Giordano et al (2004)[@b7-bcbcr-9-2015-009]      93                         1974--1979   15

  Chang et al (2003)[@b11-bcbcr-9-2015-009]        346                        1970--1991   17.8

  Vogel et al (1992)[@b4-bcbcr-9-2015-009]         193                        1976--1982   26

  **1980's**                                                                               

  Largillier et al (2012)[@b13-bcbcr-9-2015-009]   141                        1980--1985   16.0

  Giordano et al (2004)[@b7-bcbcr-9-2015-009]      216                        1980--1984   17

  Gennari et al (2005)[@b6-bcbcr-9-2015-009]       114                        1987--1989   17.2

  Gennari et al (2005)[@b6-bcbcr-9-2015-009]       180                        1983--1986   18

  Giordano et al (2004)[@b7-bcbcr-9-2015-009]      235                        1985--1989   22

  Largillier et al (2012)[@b13-bcbcr-9-2015-009]   237                        1986--1990   22.0

  Insa et al (1999)[@b12-bcbcr-9-2015-009]         439                        1981--1994   24.0

  Tsuji et al (2012)[@b20-bcbcr-9-2015-009]        87                         1980--1994   31.8

  **Early 1990s**                                                                          

  Chia et al (2007)[@b10-bcbcr-9-2015-009]         423                        1991--1992   14.4

  Chia et al (2007)[@b10-bcbcr-9-2015-009]         561                        1994--1995   14.8

  Dafni et al (2010)[@b8-bcbcr-9-2015-009]         198                        1991--1994   15.4

  Gennari et al (2005)[@b2-bcbcr-9-2015-009]       62                         1992--1994   19.2

  Puente et al (2010)[@b15-bcbcr-9-2015-009]       2322                       1990--1997   21.6

  Largillier et al (2012)[@b13-bcbcr-9-2015-009]   247                        1991--1995   24.0

  Anan et al (2010)[@b5-bcbcr-9-2015-009]          126                        1990--1996   27.8

  Giordano et al (2004)[@b7-bcbcr-9-2015-009]      185                        1990--1994   27.0

  Stokes et al (2008)[@b18-bcbcr-9-2015-009]       1580                       1991--1993   Local: 37 Distant: 8

  **Late 1990s**                                                                           

  Chia et al (2007)[@b10-bcbcr-9-2015-009]         641                        1997--1998   18.6

  Dafni et al (2010)[@b8-bcbcr-9-2015-009]         314                        1995--1998   20.2

  Shigematsu et al (2011)[@b17-bcbcr-9-2015-009]   170                        1992--2000   20.4

  Chia et al (2007)[@b10-bcbcr-9-2015-009]         525                        1999--2001   21.9

  Gennari et al (2005)[@b2-bcbcr-9-2015-009]       174                        1998--2001   23.6

  Slamon et al (2001)[@b21-bcbcr-9-2015-009]       469                        1995--1997   HER2 +: 25.1 HER2-: 20.3

  Largillier et al (2012)[@b13-bcbcr-9-2015-009]   237                        1996--2000   26.0

  Gennari et al (2005)[@b2-bcbcr-9-2015-009]       110                        1995--1997   26.1

  Giordano et al (2004)[@b7-bcbcr-9-2015-009]      106                        1995--2000   58.0

  **2000s**                                                                                

  Tevaarwerk et al (2012)[@b19-bcbcr-9-2015-009]   246                        1978--1983   20.0[\*](#tfn10-bcbcr-9-2015-009){ref-type="table-fn"}

  602                                              1984--1988                              

  471                                              1989--1993                              

  622                                              1994--1998                              

  897                                              1999--2003                              

  609                                              2004--2010                              

  Dafni et al (2010)[@b8-bcbcr-9-2015-009]         485                        1999--2002   26.4

  Anan et al (2010)[@b5-bcbcr-9-2015-009]          195                        1997--2003   26.9

  Dawood et al (2010)[@b25-bcbcr-9-2015-009]       2881                       1992--2007   27.2

  Dafni et al (2010)[@b8-bcbcr-9-2015-009]         364                        2003--2006   30.8

  Largillier et al (2012)[@b13-bcbcr-9-2015-009]   176                        2001--2005   30.9

  Our study                                        189                        1996--2006   33.0

  Olson et al (2013)[@b14-bcbcr-9-2015-009]        113                        1999--2005   38.9

  Shigematsu et al (2011)[@b17-bcbcr-9-2015-009]   237                        2001--2008   50.4

  Tsuji et al (2012)[@b20-bcbcr-9-2015-009]        165                        1995--2008   60.0

  **Combined**                                                                             

  Rack et al (2003)[@b16-bcbcr-9-2015-009]         813                        1963--2000   Node (−): 42\
                                                                                           1--3: 20\
                                                                                           ≥4: 13
  -------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Combined median survival. No significant difference in median survival among date of diagnosis subgroups.

**Abbreviation:** MSFSR, median survival time from first distant relapse.

###### 

Patients with MSFSR more than 10 years.

  PATIENT   AGE    DFRI (MONTHS)   ER         HER2       DOMINANT METASTATIC SITE   NUMBER OF METASTATIC SITES   NUMBER OF SYSTEMIC THERAPIES   MSFSR (YEARS)
  --------- ------ --------------- ---------- ---------- -------------------------- ---------------------------- ------------------------------ ------------------
  1         \<50   \>24            Positive   Negative   Bone                       .2                           2                              10+
  2         \<50   \>24            Positive   Positive   Bone                       1                            4                              10 yr, 8 mo. +
  3         \>50   \<24            Positive   Unknown    Bone                       1                            7                              11 yr., 1 mo.
  4         \<50   \>24            Positive   Negative   Bone                       1                            4                              11 yr., 2 mo. +
  5         \<50   \>24            Positive   Negative   Visceral                   .2                           7                              11 yr., 10 mo. +
  6         \>50   \<24            Positive   Positive   Bone                       1                            3                              12 yr., 3 mo.
  7         \>50   \<24            Negative   Positive   Visceral                   1                            1                              13 yr., 6 mo.
  8         \<50   \>24            Positive   Unknown    Bone                       1                            2                              15 yr., 6 mo. +
  9         \<50   \>24            Positive   Negative   Visceral                   .2                           7                              16 yr., 3 mo. +

**Notes:**

At diagnosis of metastatic disease.

As of 5/1/2014.

**Abbreviations:** DFRI, disease-free relapse interval; ER, estrogen receptor; HER2, Her-2-neu; MSFSR, median survival from first systemic relapse.
